A novel obligately anaerobic, extremely thermophilic, organotrophic bacterium, strain 1445t T , was isolated from a hot spring on Kunashir Island (Kuril Islands, Russia). Cells were motile rods (0.4-0.5¾1.0-3.0 mm). The temperature range for growth at pH 7.8 was 46-80 6C, with optimum growth at 65 6C. The pH range for growth at 65 6C was pH 5.7-9.0, with optimum growth at pH 7.8. Growth was not observed at or below 40 6C, at or above 84 6C, at or below pH 5.4 or at or above pH 9.5. The isolate degraded a wide range of substrates including starch, cellulose and cellulose derivatives. Elemental sulfur stimulated growth, but sodium sulfate, sulfite and thiosulfate did not. DNA G+C content was 31 mol%. Phylogenetic analysis of 16S rRNA gene sequences showed that strain 1445t T belonged to the genus Fervidobacterium. 16S rRNA gene sequence similarities with strains of other species of the genus Fervidobacterium were 94.9-98.3 %; the type strain of Fervidobacterium gondwanense was the closest relative of strain 1445t T
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T . DNA-DNA hybridization of strain 1445t T and F. gondwanense AB39 T revealed a relatedness value of 20 %. Based on phylogenetic data and physiological properties of the isolate, a novel species, designated Fervidobacterium riparium sp. nov., is proposed with strain 1445t T (5DSM 21630 T 5VKM B-2549 T ) as the type strain.
The order Thermotogales is a deep phylogenetic group within the bacterial branch of the 16S rRNA gene-based tree of life (Woese et al., 1990) . Representatives of the order are characterized by a Gram-negative cell wall with the outer membrane often forming a sheath-like structure named a toga, the absence of spores and anaerobic organotrophic growth on various mono-and disaccharides (Huber & Hannig, 2006) . Among members of the order Thermotogales, species of the genus Fervidobacterium are characterized by low temperature optima for growth (around 65 u C) and by having a terrestrial origin -volcanically and geothermally heated environments with low salinity. Besides mono-and disaccharides, representatives of the genus Fervidobacterium are able to grow on starch (all described species) and pectin (Fervidobacterium nodosum) .
Terrestrial hot springs are often surrounded by lower and higher plants and, as a consequence, cellulose and hemicellulose-containing matter is found in the hot fluid and used as a source of energy and carbon for some organotrophic thermophiles. Terrestrial thermophilic cellulolytic micro-organisms isolated so far include representatives of the genera Caldicellulosiruptor, Clostridium, Dictyoglomus and some others, but not genera of the class Thermotogae (Bergquist et al., 1999) . Huber et al. (1990) noted that Fervidobacterium islandicum was able to grow on cellulose in the presence of 3 g yeast extract l
21
; however, this fact was not confirmed in later studies (Andrews & Patel, 1996) . In the latter study, the authors reported that Fervidobacterium gondwanense was able to grow slowly on carboxymethyl cellulose (CMC) in the presence of 3 g yeast extract l
21 (Andrews & Patel, 1996) . No species of the genus Fervidobacterium identified so far have been shown to be able to grow on xylan. Here, a novel species, Fervidobacterium riparium sp. nov., is proposed that is able to grow on cellulose (filter paper), microcrystalline cellulose (Avicel), amorphous cellulose, CMC and xylan as sole energy and carbon sources in a low concentration of yeast extract (0.1 g l ; Helicon) as a source of growth factors. CMC (Sigma) was added to the medium as sole energy and carbon source up to a final concentration of 2 g l
. The medium was prepared anaerobically and reduced by adding Na 2 S . 9H 2 O (500 mg l 21 ); N 2 was used as the gas phase. The pH of the medium, measured at 20 u C using a pH meter calibrated at 20 u C, was adjusted using anoxic 3 M HCl. The medium was sterilized by autoclaving at 121 u C for 30 min. Hungate tubes (18 ml) containing 10 ml of the medium described above (pH 6.5) were inoculated with a sample of foulings (i.e. an encrustation or thin bacterial mat), which was collected from the surface of a branch of wood lying in the hot spring of the tidal zone ('Goryachiy Plyazh', pH 5.5, 50 u C) of Kunashir Island, Russia, and incubated at 70 u C for 48 h. The dominant micro-organism was isolated by tenfold serial dilutions of the primary enrichment. The isolated strain, designated 1445t T , was characterized.
Cells of strain 1445t
T were motile rods, 0.4-0.561.0-3.0 mm (Fig. 1a) . When incubated on medium of pH 9.0, cell length increased up to 6 mm. Cells were motile and occurred singly, in pairs and in chains of up to 17 cells in one chain (data not shown). The cell wall was of Gramnegative type; swellings were often observed on the cell ends. Round-shaped bodies of unknown function were observed to be attached to the inner membrane of the cells (Fig. 1b) . Presumably, their occurrence is connected with the accumulation of storage compounds. The temperature and pH ranges supporting growth of the novel isolate were 46-80 u C and pH 5.7-9.0, respectively, with optimal growth at 65 u C and pH 7.8 (Table 1) . Strain 1445t T did not grow at 40 or 84 u C, or at pH 5.4 or 9.5. NaCl in the medium at a concentration of 1 % did not stimulate or inhibit growth, but growth was completely inhibited in 2 % NaCl. Under optimal conditions, the doubling time of strain 1445t T was 55 min.
The ability to grow on various organic substrates was studied using threefold transfers on the basal medium described above for isolation and cultivation, but prepared without CMC; test substrates were added to this medium. Strain 1445t T was able to grow on the following substrates (2 g l 21 ): peptone, yeast extract, pyruvate, glucose, xylose, fructose, maltose, sucrose, cellobiose, starch, xylan, microcrystalline cellulose (Avicel; Sigma), CMC, amorphous cellulose, filter paper and birch sawdust (Tables 1 and 2 ). Growth was not observed using glycerol, lactose, arabinose, pectin, dextran or chitin as substrates (Table 1 ). The products of glucose fermentation, determined according to Miroshnichenko et al. (2008) , were H 2 (4.2 mM), acetate (1.9 mM) plus trace amounts of CO 2 , propionate, isobutyrate and butyrate. The presence of elemental sulfur (5 g l 21 ) in the medium stimulated growth (final cell concentrations after 24 h incubation were 4.8610 7 and 2.5610 7 cells per ml with and without S u , respectively) and sulfide formation was detected (Trüper & Schlegel, 1964) indicating that sulfur was reduced during the course of the fermentation process. Sulfate, thiosulfate and nitrate added to the sulfur-free medium as 10 mM sodium salts did not influence growth, whereas sulfite (10 mM) inhibited it ( Table 1) .
DNA of strain 1445t
T was isolated according to Park (2007) . The DNA G+C content, measured by the thermal denaturation method (Marmur & Doty, 1962) , was calculated to be 31 mol%. The nearly complete 16S rRNA gene sequence of strain 1445t T (1482 nt) was determined as described previously (Sokolova et al., 2002) . Comparison of this 16S rRNA gene sequence against those existing in open databases using the EzTaxon server v. 2.1 (Chun et al., 2007) revealed that the most similar sequences belonged to strains representing species of the genus Fervidobacterium. 16S rRNA gene sequence similarities between strain 1445t T and type strains of species of the genus Fervidobacterium were in the range 94.9-98.3 %; F. gondwanense was the most closely related organism. The 16S rRNA gene sequencebased phylogenetic tree reconstructed using MEGA software (Tamura et al., 2007) showed that, together with F. gondwanense, strain 1445t T formed a cluster that was considerably distant from other representatives of the genus (Fig. 2) . DNA-DNA hybridization of strain 1445t
T and the type strain of had higher pH optimum and maximum than F. gondwanense. It formed the longest chains known for members of the phylum 'Thermotogae' (up to 17 cells per chain for strain 1445t T in comparison with a maximum of six cells per chain previously reported for species of the genus Fervidobacterium and 12 cells per chain reported for all members of the phylum 'Thermotogae'; Huber & Hannig, 2006) . In contrast to F. gondwanense, strain 1445t
T grew well on cellulose, CMC, microcrystalline cellulose and xylan as sole carbon sources and was unable to grow on glycerol or lactose. Strain 1445t
T is the first representative of the genus Fervidobacterium that is able to grow on cellulose, its derivatives and xylan (Table 2 ). Based on 16S rRNA genebased phylogeny, morphological and physiological properties of the isolate, and the low rates of DNA-DNA hybridization with the type strain of F. gondwanense, a novel species, Fervidobacterium riparium sp. nov., is proposed. Andrews & Patel (1996) and this study]; 3, F.
changbaicum CBS-1 T (Cai et al., 2007) ; 4, F. pennivorans (Friedrich & Antranikian, 1996) ; 5, F. islandicum H21 T (Huber et al., 1990) ; 6, F. nodosum Rt17-B1 T (Patel et al., 1985) . All strains were able to grow on glucose, maltose and yeast extract (2 g l 21 ). ND, No data; ±, ambiguous data. Pyruvate *Results shown in parentheses were obtained in this study using the same medium as for F. riparium except that the concentration of yeast extract in the medium was 0.6 g l 21 (unlike F. riparium, F. gondwanense did not grow with 0.1 g yeast extract l 21 in the medium).
DResults shown in parentheses were obtained by Andrews & Patel (1996) . dst/n st, Molecular sulfur stimulates/does not stimulate growth. The type strain is 1445t T (5DSM 21630 T 5VKM B-2549 T ), isolated from a hot spring of 'Goryachiy Plyazh' (hot beach) region, Kunashir, Kuril Islands, Russia. The DNA G+C content of the type strain is 31 mol%. Fig. 2 . Neighbour-joining (Saitou & Nei, 1987) 16S rRNA genebased phylogenetic tree reconstructed using the software MEGA4 (Tamura et al., 2007) showing the position of strain 1445 T (in bold) among members of the genus Fervidobacterium. Evolutionary distances were computed using the maximum composite likelihood method (Tamura et al., 2004) . All positions containing gaps and missing data were eliminated from the dataset (complete deletion option). There was a total of 1329 positions in the final dataset. Bootstrap values (Felsenstein, 1985 ; percentages of 1000 replications) are shown next to the branches. The strain of F. pennivorans from which the 16S rRNA gene sequence was obtained was not specified. Bar, 2 nt substitutions per 100 nt. Thermotoga maritima MSB8 T (5DSM 3109 T ) was chosen as an outgroup.
